L ife-cycle assessment (LCA) is a cornerstone of current practice in industrial ecology, linking the product life cycle, from design to disposition, with the environmental impacts generated at each stage. It is one of the ways that industrial ecology brings a systems approach to environmental analysis. LCA aids environmental improvement by revealing the complete impact of a product, rather than just the emissions generated in the usual course of production by the manufacturer. Manufacturers, service providers, and government agencies can use these methods to consider the total impact of their procurement and business activities, and to tailor them to be more environmentally friendly.
A number of different approaches to LCA have been developed, with different focus, time, and resource requirements. Key among these are:
• full or exhaustive LCA, • streamlined LCA, and • economic input-output-LCA (EIO-LCA).
We describe each briefly, with further discussion of the EIO-LCA approach as an easy-to-use methodology able to expand the traditional boundaries of an LCA.
An exhaustive LCA begins with an inventory that quantifies the inputs and outputs (materials and energy use, environmental discharges, etc.) associated with each stage of the life cycle. In addition, practitioners often attempt to assess the effects of the estimated inventory, creating a life-cycle impact assessment (LCIA). This is done by characterizing and ranking the expected effects of releasing the inventory into the environment. The data burden of a conventional LCI or LCA can be substantial, due to logistical as well as proprietary barriers. If new data are needed, then existing processes must be measured and analyzed to determine the quantities of inputs and releases for each life-cycle stage. Existing estimates may be used, but need to be relevant and specific to the particular application to be of use in such a setting. For example, to yield accurate results, the inventory of electricity effects for a particular processing plant must reflect the local mix of electricity purchased. Getting such data can be difficult, requiring specific fuel and technology assumptions. In the end, the success or failure of any LCA depends greatly on the boundary assumptions, data quality, and the level of economic resources available for determining site-specific resource use and pollutant-emission factors.
Many conventional LCA software tools exist to aid decision-makers in performing life-cycle in- 
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ventories. Most consist of a database of existing product-or process-specific inventory data. The inventory data may be proprietary, from public data sources, or both. If boundaries are appropriate and care is taken in selecting data sources, meaningful and relevant results are possible. Achieving this level of accuracy, however, requires time and money. It is not uncommon for LCA studies to require hundreds of thousands of dollars and many months, if not years, to complete. If time is a primary driver, results may not be available until a product's next production cycle, which is often too late to make improvements.
The concern over the cost and time required for LCA has resulted in the investigation of methods to simplify the analysis while still providing useful information consistent across studies, and sufficient to satisfy the overall assessment goals. One approach that has received attention is the streamlined LCA (Graedel 1998) .
Despite some advances, the streamlined LCA approach still requires setting tight boundaries around the problem to make it tractable. As we show below, parts of the supply chain that are outside the obvious production process boundaries are also often important, and excluding them can lead to significant deficiencies in the inventory of effects. Even a streamlined LCA approach is still subject to the inherent difficulty of excluding significant upstream and downstream impacts that can propagate through the economy.
The shortcomings in available, traditional approaches to LCA have motivated the development of EIO-LCA models. With these models analyses can be performed in minutes, not months. Several models exist worldwide for performing such analyses. We focus on the EIO-LCA model developed at Carnegie Mellon University (CMU) because we know it best (available free on the Internet at http:// www.eiolca.net). To date, thousands of users from more than 50 countries have used this model, making it one of the highest-volume LCA tools available in the world.
Leontief famously developed economic input-output (IO) models to relate the production inputs of goods and services in an economy to the production outputs of other sectors. The most basic of these IO models describes an economy only by its intersectoral transactions. To simplify computation, the analysis assumes that all inputs and discharges are proportional to output. Thus, if producing $1,000 worth of widgets results in 400 pounds of CO 2 emissions, then producing $10,000 of widgets would emit 4,000 pounds of CO 2 .
The CMU EIO-LCA model begins with the U.S. Department of Commerce 1992 485 x 485 input-output matrix. These economic data are augmented with corresponding estimates of resource use and environmental flows and emissions from the 485 sectors. The environmental and resource use data come from a variety of public sources, including U.S. EPA Toxics Release Inventory (TRI) data, and conversions from data surveyed by the U.S. Census of Manufactures. (For additional detail, see the web site.)
One of the key benefits of using an EIO-LCA model is that it provides the complete supply chain of economic activity needed to manufacture any good or service in the economy. This powerful feature effectively makes the boundary for the analysis the entire economy-nothing is excluded. From a systems modeling perspective, an IO-based model preserves the fundamental relationships of the economy, preventing uninformed practitioners from overlooking otherwise important impacts. By including all effects by default, practitioners can choose to narrow their boundary focus on a subset of the system without a loss of data, instead of having to redo the analysis with an expanded scope, as would be required with traditional LCA. In addition, publicly available environmental data disaggregated by sector augment the economic data for a wide range of releases, including electricity and fuel use, air pollutant and greenhouse gas releases, and hazardous waste generation.
As an example, table 1 shows the result of performing a quick EIO-LCA analysis (using the model provided on the web site) for $1 million of electric services (utilities) in the United States. Note that this method shows the sectors supplying output across the supply chain of electricity in the first column, the amount of supporting economic activity necessary in the second column, and the respective emissions of conventional pollutants in the remaining columns.
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Hendrickson and colleagues (1997) used this approach to compare the results of a SETACbased LCA with an EIO-LCA for steel and aluminum production. For a variety of chemical releases, the values were consistently within the same order of magnitude.
An EIO-LCA model can be extended in many directions using the available data. For example, instead of looking at only the impacts of producing existing goods and services in the economy, the available data can be used as inputs into a larger assessment of alternative products. For example, Joshi (1999) presents a comparative assessment of existing steel and experimental plastic automobile fuel tanks. Joshi's analysis suggests that plastic tanks have less environmental impact than steel tanks across a wide range of impact categories.
Although EIO-LCA is not a substitute for a detailed LCA, it can serve as a useful guide to practitioners when considering how and where to draw boundaries around their own analyses. One of the major limitations of EIO-LCA analysis is the problem of aggregation. Because an economy can only be split into a finite number of sectors, inevitably there will be large differences in the production technologies used to make different products within the same sector. Finer differentiation is needed when the total emissions and impacts are sensitive to this term; Joshi (1999) has proposed some techniques for addressing this problem. Similarly, further development is needed to account for international trade and associated transfers of environmental burden. In the end, however, EIO-LCA represents a valuable modeling approach that treats both economies and the environment as systems, and shows the direct and indirect linkages between them. EIO-LCA should play an increasing role as part of linked economic-environmental systems models for industrial ecology. 
